Background. Maternal human immunodeficiency virus (HIV) RNA load, CD4 cell count, breast-feeding, antiretroviral use, and malaria are well-established factors associated with mother-to-child transmission (MTCT) of HIV; the role of maternal tuberculosis (TB), however, has not been well established.
An estimated 2 billion people are latently infected with Mycobacterium tuberculosis, of whom more than 9 million develop active disease every year, with women accounting for 3.6 million cases [1] . Tuberculosis (TB) is the leading infectious cause of death in women worldwide and is the most important cause of morbidity and mortality in human immunodeficiency virus (HIV)-infected women residing in low-income settings such as sub-Saharan Africa and India. Women now account for 50% of adults infected with HIV globally and up to 70% of HIV-infected adults in sub-Saharan Africa [2] . The greatest burden of HIV infection and TB among women occurs during childbearing years (ie, ages 15-49 years). When TB occurs during the pregnancy or postpartum period, it is associated with adverse maternal outcomes and significant infant morbidity, TB, and death [3] [4] [5] .
Maternal HIV RNA load, CD4 cell count, duration of breast-feeding, type of antiretroviral therapy (ART), and malaria coinfection are well-established independent maternal factors associated with increased mother-tochild transmission (MTCT) of HIV [6] . Given the high risk of maternal TB and its impact on the survival of both HIVinfected mothers and their infants, it is important to also determine whether maternal TB increases the risk of MTCT of HIV. Thus, the aim of our study was to assess whether maternal TB is associated with an increased risk of MTCT of HIV and if an association was found, to determine whether it is independent of other known MTCT risk factors. Identifying maternal TB as a risk factor for MTCT would suggest a new important and modifiable factor to be addressed by prevention of MTCT programs in communities at high risk for HIV and TB coinfection.
METHODS

Study Population
Our study population included 742 HIV-infected mother-infant pairs enrolled in the India Six Week Extended-Dose Nevirapine (SWEN) Study [7] , a National Institutes of Health (NIH)-funded phase 3 randomized trial for prevention of MTCT of HIV, which is assessing the efficacy of extended nevirapine prophylaxis given to breast-fed infants for the first 6 weeks of life. We included an additional 41 mother-infant pairs who were enrolled in an ancillary HIV-infected cohort; these additional participants were either ineligible for or did not want to enroll in the SWEN trial but were willing to be followed up with the same procedures and at the same time points as the SWEN trial participants. The primary outcome of the SWEN trial and ancillary cohort was to assess HIV transmission at 6 months of life, and key secondary objectives were to assess HIV transmission at 12 months as well as maternal and infant morbidity, including that caused by TB.
The methods of the SWEN trial and eligibility criteria are described in detail elsewhere [7] . The participants were enrolled and followed up between August 2002 and September 2007. The study site was a large, urban, public teaching hospital in Pune, Maharashtra, India (Sassoon Hospital, affiliated with Byramji Jeejeebhoy Medical College [BJMC]), which serves a primarily peri-urban population. The study was approved by the institutional review boards of both Johns Hopkins Medicine and Pune and the Byramji Jeejeebhoy Medical College Ethics Committee.
HIV-infected women were enrolled during their third trimesters, at delivery, or within 1 week postpartum. Motherinfant pairs were followed up prospectively until 12 months postpartum. Women who were enrolled antepartum were seen every 4 weeks for scheduled visits until week 36, then every 2 weeks until delivery. After delivery, at each scheduled visit (at weeks 1, 2, 3, 4, 5, 6, 10, and 14, and at months 6, 9, and 12), women and their infants underwent TB-symptom screening, clinical examination, and select laboratory investigations. Infants underwent HIV-1 DNA polymerase chain reaction (PCR) testing within 48 h of birth, and at all scheduled visits except at weeks 3 and 5; positive HIV-infection status was confirmed by quantitative HIV-1 RNA load (viral load of .5000 copies/mL).
HIV-infection status was externally quality-assured as described elsewhere [7] .
Ascertainment of Tuberculosis and Case Definitions
A woman was classified as having prevalent TB if she entered the study with a prior diagnosis of TB and was undergoing treatment for TB. Incident TB was defined as a new diagnosis of maternal TB during study follow-up. At each study visit, women were screened for active TB using symptom assessment (reported cough, fever, weight loss, and night sweats) and physical examination. Sputum and culture for acid-fast bacilli (AFB) were performed if TB was suspected either by symptom screen or by physician assessment. We performed TB culture using the manual Lowenstein-Jensen (LJ) method. We used World Health Organization (WHO) definitions of confirmed, probable, or suspected TB [8] . TB was confirmed when M. tuberculosis was cultured from the mother, and was probable when (1) AFB were detected on maternal sputum smear microscopy, or (2) histological features suggested TB. TB was suspected when the mother had only clinical and radiological evidence suggesting TB and had a response to anti-TB therapy.
Statistical Analysis
We analyzed data using STATA statistical software (version 9.0). The t test for means was used when continuous variables were normally distributed. We used a nonparametric Mann-Whitney U test when continuous variables were not normally distributed, v 2 tests for discrete variables, and Fisher exact tests when cell size was <5 observations. We used univariable and multivariable logistic regression with HIV transmission by 12 months as the outcome variable. We categorized continuous variables into clinically meaningful groups (ie, CD4 cell count of ,350, 350-500, and .500 cells/lL). Mixed feeding was defined as ingestion of any solid food or liquid other than breast milk combined with breast milk. We assessed maternal TB (prevalent or incident) as the explanatory variable, adjusting for the following factors associated with HIV transmission: maternal factors (older age, lower educational status, mode of delivery, lower CD4 cell count, higher HIV-1 RNA load, use of antepartum zidovudine or single-dose nevirapine, and maternal highly active antiretroviral therapy [HAART]) and infant factors (premature birth, infant sex, low birth weight, duration of breast-feeding, and extended use of nevirapine). We assessed colinearity by calculating the variance inflation factors, which were all ,2.5. We used multivariate logistic regression to analyze variables that were significantly associated in the univariate analyses. We explored interactions between age and other covariates. We assessed model fit by the likelihood ratio test to determine the best model for the relationship between any maternal TB and MTCT of HIV.
RESULTS
A total of 783 women who gave birth to live-born infants were included in the study; the median age of the mothers was 23 years (interquartile range [IQR], 21-25 years) and median parity was 1 (IQR, 0-2) ( Characteristics that were assessed at time of delivery were CD4 cell count and HIV-1 RNA Logistic regression was used to calculate unadjusted and adjusted odd ration. Maternal religion, parity, hemoglobin at delivery, education status and mode of delivery were also assessed but were not fount to be significantly associated (data not shown). *p < 0.05, **p,0.01,***p,0.001 HAART 5 highly active antiretroviral therapy study follow-up. Notable infant characteristics included 86 of 783 infants (11%) born prematurely, 301 (38%) with low birth weight (,2500 g), 323 (42%) breast-fed beyond 4 months of age, and 367 (47%) having received extended nevirapine up to 6 weeks of age.
Of the 783 mothers, 97 (12%) had transmitted HIV to their infants by 12 months of life; of these transmissions, 29 (30%) occurred in utero (ie, infant HIV DNA PCR was positive within 48 h of birth). There were 33 maternal TB cases in total; 3 were prevalent and 30 were incident cases at 12 months postpartum, of which 79% were diagnosed within 6 months postpartum. Thirteen (39.4%) were culture-confirmed TB, 9 (27.3%) were probable (ie, AFB test was positive), and 11 (33.3%) were suspected (ie, cases where there was clinical and radiological evidence and TB treatment was given, but AFB test or culture was not positive or was not performed). The temporal distribution of maternal TB cases in relation to infant HIV transmission is shown in Figure 1 . In univariate analysis, MTCT of HIV was associated with high maternal viral load, low CD4 cell count, maternal TB disease, and longer duration of breast-feeding and was marginally associated with infant low birth weight (Table) . In this study, 10 of 33 mothers with TB (30%) transmitted HIV to their infants compared with 87 of 750 mothers without TB (12%; odds ratio [OR], 3.31; 95% confidence interval [CI], 1.53-7.19; P , .01). (An 11th mother-infant pair was excluded from analysis because the mother had prevalent TB [diagnosed in pregnancy], but her infant was stillborn and HIV infection status was not ascertained.) We found no clear relationship between the type of maternal TB diagnosis (ie, cultureconfirmed, probable, or suspected TB) and the proportion of HIV transmissions (data not shown). Because mixed feeding can increase the risk of MTCT of HIV, we also specifically compared mixed-feeding practices of mothers with TB who transmitted HIV with those of mothers who transmitted HIV but did not have TB. Of 10 mothers with TB who transmitted HIV, 0 (0%) practiced mixed feeding prior to MTCT of HIV compared with 25 of 87 mothers without TB who transmitted HIV (29%). In a multivariate analysis that included all cases of maternal TB (prevalent and incident), maternal TB was associated with 2.51-fold (95% CI, 1.05-6.02; P 5 .04) increased odds ratio of MTCT of HIV adjusting for maternal factors (eg, CD4 cell count, viral load, and antiretroviral use) as well as infant factors (eg, nevirapine administration and breast-feeding duration). When we restricted analysis to only maternal-incident cases, we found similar results (adjusted OR, 2.55; 95% CI, 1.01-6.45; P 5 .049). In 5 mother-infant pairs, the maternal TB diagnosis arrived close to the infant HIV diagnosis (median, 13 d; range, 2-48 d), and in a sixth mother-infant pair, the mother received a diagnosis with TB 116 d prior to delivery and her infant was HIV-infected at birth. We reviewed the clinical descriptions and symptom duration for the 5 cases in which MTCT of HIV occurred prior to maternal TB diagnosis. For cases 1, 2, and 9, there was a delayed diagnosis of TB. For case 1, the mother, a 19-year-old woman with a CD4 cell count of 330 cells/lL and an HIV RNA load of 48,676 copies/mL, had been diagnosed with a right upper lobe consolidation within a week of delivery. She was given antimicrobials and referred for sputum for AFB, but she did not follow through. She had persistence of cough and pulmonary infiltrate, and she was started on antitubercular therapy 2 months later by her outside provider. Her infant was found to be HIV-infected at day 43 of life. In case 2, a 25-year-old woman with a CD4 cell count of 342 cells/lL and an HIV RNA load of 248,722 copies/mL had malaise for .2 months. She was noted to have chest pain and cervical adenopathy, and radiologic imaging showed bilateral chest infiltrates and hepatosplenomegaly with splenic microabscesses 2 months later, at which time treatment for disseminated TB began. The infant was found to be HIV-infected at day 73 of life, whereas the mother was diagnosed with TB 3 months after her infant's HIV infection diagnosis. For case 9, the mother, a 30-year-old woman with a CD4 cell count of 390 cells/lL and an HIV RNA load of 30,900 copies/mL, presented with severe disseminated TB 4 months after her infant was found to be infected with HIV. She died within 10 d of diagnosis, and her autopsy showed disseminated TB. The duration of her symptoms was unknown. For cases 3 and 4, the duration of symptoms consistent with TB was recorded as <3 months.
DISCUSSION
We identified maternal TB clinical disease as an important independent risk factor associated with MTCT of HIV. Maternal TB was associated with 2.5-fold increased odds of MTCT of HIV, adjusting for maternal factors (eg, CD4 cell count, viral load, and antiretroviral use) as well as infant factors (eg, nevirapine administration and breast-feeding duration). Although maternal TB was associated with a relatively small fraction of HIV transmissions (ie, small attributable risk), maternal TB is potentially preventable with improved infection control, improved community-based intensive case-finding, and implementation of isoniazid prevention therapy-the ''3 I's'' TB-control strategy recommended by WHO-as well as by scale-up of HAART [9] .
Data assessing TB as a risk factor for MTCT of HIV are very limited. Whereas maternal coinfections such as malaria and some sexually transmitted infections are established risk factors for MTCT of HIV, TB has not been adequately assessed or identified as an independent risk factor to date [4, 6] . A study of 42 HIV-infected women with TB during pregnancy found a high proportion (19%) of these women transmitted HIV in utero (infant HIV PCR positive within 3 d of life) [10] . This study, however, was small and did not adjust for several factors associated with MTCT of HIV, including maternal HIV RNA load. Our study of women who breast-fed their infants and whose TB was predominantly diagnosed ,6 months postpartum provides for the first evidence that maternal TB is independently associated with an increased risk of MTCT to infants.
Why might maternal TB be associated with MTCT of HIV in a breast-feeding population? There are at least 3 possible explanations. First, maternal TB may increase maternal HIV infectiousness. Increased maternal infectiousness could be mediated by HIV-1 RNA load, which has been shown to increase in the setting of TB both in vitro and in vivo in most TB cases [11] [12] [13] [14] . Although our analysis controlled for maternal plasma viral load at the time of delivery, maternal TB could be associated with a transient increase in viral load that was not measured in our study. In addition, compartmentalization of increased viral load in breast milk or cell-associated virus, in the setting of maternal TB, was not measured in our study. Another potential pathway of increased maternal infectiousness may be mediated by immune activation and inflammation due to maternal TB, which has been suggested as a mechanism to explain the association of sexually transmitted infections and placental malaria with an increased risk for HIV MTCT [15, 16] . Multiple studies demonstrate that TB is associated with increased immune activation and HIV replication [11] [12] [13] 17] . Immune activation has been associated with HIV disease progression [18] and may be associated with increased HIV transmission, even independent of the HIV RNA load pathway. Furthermore, it is plausible that maternal immune activation may allow more HIV virus to enter into the breast milk compartment, thereby making the mother more infectious. Another possibility is that maternal TB may increase the infant's risk of HIV acquisition. This increased infant ''susceptibility'' may be mediated by maternal TB-induced immune activation, which may lead to a process whereby the infant's CD4-expressing immune cells become more susceptible to infection because of maternal immune activation factors (eg, cytokines or activated T cells) [16] . A third possibility is that maternal TB is associated with an MTCT risk factor that our analysis did not sufficiently control for or measure. We did not measure placental malaria, which has been associated with MTCT of HIV, but this condition is of very low prevalence in our setting (prevalence of malaria, ,.7%; data not shown). We also did not adjust for maternal sexually transmitted infections, but we found a low prevalence of syndromic genital ulcer disease or syphilis (,6%; unpublished data). Women with TB could be more likely to mix-feed their infants because of their TB illness and therefore could be more likely to transmit, but we assessed this risk and did not identify this in our cohort. We did not measure factors that are uncommonly evaluated but have been shown in limited studies to be associated with MTCT, such as maternal-infant HLA status or presence of CCR5D32 mutation or maternal vitamin-D status [19] . However, we adjusted for important known maternal and infant factors associated with MTCT of HIV.
Our study has some potential limitations. First, this analysis was a secondary endpoint of the clinical trial combined with an observational cohort, which was not originally designed or powered to address our hypothesis that maternal TB was a risk factor for MTCT of HIV. In addition, not all TB disease diagnoses were culture-confirmed, so some misclassification bias is possible. Reverse causality is also possible, because some of the HIV transmission events preceded the maternal TB diagnosis. However, for 3 of the 5 cases in which this occurred, we observed a delay in diagnosing the maternal TB; therefore, the mothers likely had TB disease at the time they transmitted HIV to her their infants. Delays in TB diagnoses are a well-recognized problem and an important contributor to morbidity and mortality in HIV-infected persons [20] . Furthermore, several of the maternal TB cases were discovered near to the infant HIV diagnoses. Therefore, despite these acknowledged limitations, we feel that our observation of maternal TB as an independent risk factor is likely to be a true and important association.
TB in HIV-infected mothers has been previously shown to be associated with higher maternal and infant mortality [3, 4] . In this study, we have shown that maternal TB is also independently associated with an increased risk of HIV transmission to exposed infants. Prevention of maternal TB among HIV-infected mothers should be a high priority for programs to prevent MTCT of HIV in communities with significant HIV-TB coinfection rates.
